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CHARACTER AND INTERPRETATION OF THE RECOUTH EXPOSED AT 
POINT DRUMMOND, WEST COAST OF EYRE PENINSULA, SOUTH AUSTRALIA 



by F.. Momna Bai.i eSTEROS* E. M. C'AMPBELLt, .1. A. BOURNET & C R. TwiDAl.ht 



Summary 

Molina Bam I.sti ; ros. E Camprlll. E. M . . Boirni". i A, ik pvibAM-. C. R- (1995) Character and 
interpretation uf the retail ith exposed at Point Drummond, west coast of Eyre Peninsula. South Australia, film, 
l< Sol. S. Ansi. 119 ( 5 ). 83-88. 31 May. 1995, 

The weathering mantle developed on granodiorite at Point Drummond, Eyre Peninsula. South Australia is 
examined using thin section and XRD analyses. Stages in the alteration of the granodiorite can be deduced b> 
examination of the zonal ion of the regolith release of oxides and hydroxides from the parent rock, removal of 
iron and kaolinisulion; new concentrations of haematite in micropores: development of nodular structure and 
renewed removal of oxides and hydroxides. The possible age relationships of this profile with Internes and Plio- 
Pleixtoecne lemcretes from other South Australian sites are discussed I’hc age ol weathering is uncertain hut 
it predates the caleaienite (? Pleistocene) and is probably post Permian, with Plio- Pleistocene the most likely. 

Ki.v Words; regolith. ferruginisalion. Point Drummond. 



Introductiort 

The west coast of Eyre Peninsula is characterised 
by high cliffs eroded in dune eulcarenite (also known 
as aeoli anile-: sec e.g. Crocker 1946) of Middle and 
I .ate Pleistocene age (Wilson 1991 '). The calcarenile 
rests uncon ibrmubly on Prccanibrian rocks, mostly 
igneous and ijielainorphic. with granite and gneiss 
prominent, but including sandstone and conglomerate 
near Taliu. The unconformity is uneven and the base 
of the caleai enite commonly extends below sea-level 
Elsewhere, the Preeumbrian basement is exposed in 
rather irregular shore platforms and in the lower 
sections of the cliffs which, however, are composed 
mainly ol the eulcarenite Al several sites remnants of 
the pre-calcarenile regolith are developed on the 
Prccanibrian basement One of the best exposures ol 
the regolith, in terms ol thickness, completeness and 
lateral extern, occurs at Point Drummond, a westerly 
projecting promontory located on the west coast of 
southern Eyre Peninsula, some 80 km north-west of 
Port Lincoln (Figs I & 2). 

The purpose of this short paper is to describe the 
mineraiogical variations between horizons within the 
regolith. and to discuss their genetic implications. The 
site is on the southern portion of Point Drummond 
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Two profiles, one Irotn a south-projecting peninsula 
and one from the cliff adjacent In the access steps 
several hundred metres to the north were examined. 
The samples were selected on the basis of colour and 
textural variations. The profiles are so similar hot!) in 
appearance and upon analysis that they can he treated 
as one. 




Description of the profile 

The profile approximately 18 in thick, was sub- 
divided from the base to the top into live horizontal 
zones on the basis ol their colour and texture (fig. 3). 
Mineralogy and texture have been studied in thin 
section (using samples impregnated with a thinned 
aruldne to prevent any disturbance Of the original 
structures) and by XRD analysis of bulk samples. 






Hp 2A Central view of Point Drummond. Hvre Peninsula. South Australia. 2B The weal hen ng profile sample silt. Point 
Drummond peninsula, showing ihe coastal platform developed in granodioritc, the goethitc-rich /.one at the hase ol the 
clitt and above this the while kuolinised zone, the haematite /.one and Ihe ealearenile remnant at the surface 
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Z one I 

The parent rock is a gneiss of granodiurilic 
composition consisting mainly of quart?;, plagiodase, 
hiotite and muscovite with some orthoclase Secondary 
minerals resulting from hydrothermal alteration of the 
rock prior to weathering include sericite, chlorite (from 
biotite), epidote-zoisite and calcite (from plagtoclasc 
- Sample I, Fig. 3, Munsell Rock Colour N8. white 
to N3, dark gray dry The colours of othci samples 
are Munsell Soil Colours - 1994). The granodiorite is 
intruded by amphibolitic and quartz, itic veins. Schistose 
shear zones are also present. These various rocks are 
all members of (he Sleaford Complex, dated at 
2,700-2,300 Ma and thus of late Archaean or Palaco- 
proterozoic age (Flint et al. 1984; Parker el al. 1985) 
though the shear zones may result from the Kimban 
Orogeny ( - 1700 Ma - Thomson 1969). 



RS 

Stages in the weathering of the gneiss can he traced 
by examination of the zonation of the regnlith or 
weathered mantle, assuming that the weathering front, 
or lower limit of weathering, has descended into the 
nick mass from the surface. Hence, in these terms, 
the initial stages of weathering are represented by the 
zone immediately above Lhe weathering front and the 
most advanced by the near surface horizon. 

The coastal platform eroded in granodiorite and 
located between high and low tide levels, is irregular 
with many blocky and boUidery rises and intervening 
clefts. Many of the outcrops are superficially altered, 
with rinds of ferruginous oxides and hydroxides 
developed al the margins of blocks, boulders and other 
exposures. The rinds are also found bordering fissures 
(Sample 2. 7.5YR 7/6, reddish yellow to 7.5YR 7/3. 
pink) In this zone the thickness of the rinds increases 
up the profile, but nowhere exceeds 5 cm. 
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Pig. 3. Schematic diagram of the weathering profile on lhe peninsula, Point Drummond, A. Profile I-V, 7x>ncs ot weathering 
(sec lest for explanation); 1-11. sample numbers (sample 5 similar (o 6). B Principle processes, a. Unwealhered parent 
rock b. First stage of weathering (goelhitc-rich zone), c. Kaolinisation. d. Formation of new structures and conecniralion 
of haematite e Removal of iron and plusiinc separation, f. Development of peds and nodules. 
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The first stage of weathering discernible is the 
development of the rinds around the corestones. In 
these the epidote-zoisite minerals are dissolved and die 
alteration of plagioelase is manifested by the 
appearance of zones of randomly oriented days. The 
clay minerals are preferentially developed along 
fissures presumably because the latter allow 
penetration, of water. Biotitc changes colour Iront green 
to brownish-yellow, reflecting a release of iron which, 
as goethite, is concentrated in cracks and fissures, 

Arne II 

Here, though the original rock structures are 
everywhere distinguishable, some of the blocks and 
boulders arc entirely discoloured and the raids are 
thicker than those in Zone 1 (Samples 3 Ki 4. IOY R 
S/4, very pale brown to I0YR 7/6, yellow! with a white 
dud (NS) developed on die outside, and a strong brown 
(7.5YR 5/6) interior. Again the rind increases in 
thickness up the profile and, as in Zone I, is also found 
along partings. The contact between the weathered nnd 
and the interior of the corestones low in the profile 
is sharp hut is more diffuse at higher levels. 

The rinds are pale in colour and voids are apparent 
in thin section. Plagioelase is progressively reduced 
higher in the profile and essentially isotropic days, 
believed to be mainly kaolinite. become dominant. 
With die XRD method used, it is difficult to 
differentiate any other polymorphs of kaolin Resistmcs 
such as quartz and muscovite are present. 

Zone III 

Almost the entire rock in this zone is while (Sample 
6. NK) but most of the original textures and structures 
are preserved and remnants of the yellow and red non 
oxides occur as spots in the upper part of the zone 
At the top of Zone III loss of material has led to the 
formation of voids. The weathering plasma (in the 
sense of Nahon 1991 . p. 63), derived from weathering 
of the parent materials, begins to appear anisotropic, 
especially in areas close to voids [the vosepic plasma 
separation of Brewer (1964. 19761], Some, though not 
all. oxide concentrations are related to voids 

A me IV 

'flic yellow and red spots present in Zone 1J] here 
merge to give a mixture of oxides and hydroxides of 
iron in differing degrees of dehydration and 
crystallisation (Sample 7, 5YR 4/4. reddish brown to 
7.5YR 6/8. reddish yellow to JOR 4/3 weak red; 
Sample 8, 10YR 8/8 yellow to IOR 4/3, weak red 
Sample 9, 10R 4/3, weak red to 10R 5/6 red) 1 he zone 
is up to lour metres thick. None ol the original 
structures survives. 

XRD analysis shows that haematite is dominant in 
the weak red patches, kaolinite having been removed 
On the other hand, where there is no iron oxide or 
hydroxide, the kuolinitic ahetoplasma is well preserved 



Muscovite remains, albcil weathered to varying degtees 
and quart/ is corroded and in some instances clear ly 
disaggregated, At the lop of Zone IV voids un- 
common. 

This zone is similar to Ihe “mottled clay” horizon 
from a I ate rite profile described by Nahon (19871. of 
which alumina (not analysed in this study) is a typical 
component 

Zone V 

The lower part of this zone is characterised by 
ii tegular Ill-defined fissures in the mutlleil elav Also, 
a new structure occurs in the form of polyhedral peds 
some centimetres across. They become smaller and 
more rounded upwards, where they take the form ol 
soft nodules Q.5-1.0 cm in diameter, reddish yellow' in 
colour but with red oxide concentrations in the interior 
(Sample- 10, 7.5YR 6/6. reddish yellow to 10K 4/6, red) 
(Fig.. 4). The partings which define the polyhedral pcx)> 




Tig. 4 Thin section (crossed polars, plain light. x25) of upper 
pun ol /one V Kaolinite plasma suirounds rhe ferruginous 
nodule (dark area). The light-coloured material in both Ihe 
nodule ,md the surrounding plasma is rjuarl/ 

are preferential zones of leaching. Removal of entitles 
and hydroxides has resulted m zones of concentration 
of skeletal grains (mainly quartz) from the parent 
material, and in the appearance of a kaoliuilic clay 
plasma (a pedoplastna in the sense of Boulet 1974). 
It grades from ascpic, where oxvhydroxides are 
abundant to skelsepic, vosepic and even mascpic 
where the o\y hydroxides have disappeared (Brewei 
1964, 1976). The development of Ihe nodules is a 
centripetal process involving the removal of oxides mid 
hydroxides from the margins of the peds and then 
concentration in the nodules, the redistribution of clays 
and the concentration of skeletal grains in the leached 
zones. 

Both the promontory and the cliff profiles are over- 
lain by a calcareous crust (calcrete - Sample II, 2.5Y 
7 12. light gray), located at the base of the calcarenitc 
but developed on the weathered material and including 
nodules like those found in Zone V (fig t) 
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Intrrprelalinn 

Various stages in the' weathering of the grartoiiortte 
arc evidenced: 

1. The penetration or meteoric waters from Uie 
surface iuui release of rexidcs and hydroxides from 
minerals in the parent rock, especially hioiitc, is the 
Initial process in evidence The iron oxides are 
concentrated in fissures at the weathering front, at the 
mat gins of blocks and boulders ami ad jacent to joint 
partings. The hydrotheirnally altered minerals are 
dissolved and the plagioclases arc weathered to clays. 

2. Removal of non and kuolinisation arc- represented 
by the iippca ranee of while rinds. These processes arc 
usually achieved in acid reducing solutions, which 
appear to have leached most of the calcium . iron and 
sodium and some of the silica and ptodueed the newly 
formed mass of isotropic to inscpic materials (see 
Brewer 1964, p. 309), mainly kuolinitc. Inside this 
isotropic plasmic material are rcsistates such as quail/ 
and muscovite {skeleton grams, of Brewer (1964. 
1976)} , On the whole, however, kaohiutc Is dominant. 

3. Ferrugmisation results from the progressive 
development ot a kaolimtlc plasma, and a new porosity 
plus the destruction of the original textures and 
structures. Micropoies, especially, become the siles 
of new concentrations of oxides (weak red spots), 
particularly haematite (Fig. 1), due to the decreased 
mobility of the solutions in Ihese pores ( Duller at til. 
1983; Tardy & Naliotl 1985). This is the origin of the 
'mottled clay horizon’ typical of piotilcs developed 
under seasonally wet and dry climates. 

4. The development of nodular structure is related 
to the removal of oxides and hydroxides by solutions 
probably emanating from an overlying soil, A new 
kaolinitie plasma is developed as the- oxy hydroxides 
are removed. The mobility ot the materials is governed 
by the amount of oxy hydros ides, the less oxyhydroxide 
die mure plasmic movement and hence better re 
organisation of die soil mass. 

5 The removal of oxides and hydroxides requires 
acid solutions (i.c. those which arc poor in carbonates), 
so that the processes described m paragraphs 1-3 
inclusive predate the development of the calcrete .mil 
the deposition of the dune ealearenile 

The age 'if the profile, and Ihe events tu which l! 
relates, are mainly problematic, h is clearly younger 
than the Proterozoic rocks on which n is i level oped, 
and predates die ealearenile which, according to Wilson 
(1991). is Middle and l ate Pleistocene in age (maxi- 
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mum C. 700,000 years). But allocating ii to an hiatus 
ol some 1300-2000 Ma is neither precise nor inform 
alive. The extent of the hiatus can be reduced if two 
general arguments are accepted. First although 
regoliths have survived the passage of icc sheets (sec 
e g. Fogelman 1983), the profile, which has apparent 
equivalents at several points along die west coast of 
Tyre Peninsula (e.g. Point Brown. Point L.abalt. Talia), 
i$. unlikely to have survived the Early Permian 
glaciation, which evidently affected most of die present 
slate ol South (Australia (e.g. Ludbronk 1969), and 
subsequent erosion; lor the regohth lias readily been 
eroded by marine agencies and by gullying, In these 
terms ihe regohth under debate is less than 250 Ma old. 

Second, the hiatus is further reduced if it is conceded 
thin the regolith is most likely immediately to predate 
the cover material, dial is the ealearenile. This last 
suggestion assumes that even if the development ol the 
regolith began long before the deposition of the dune 
limestone, it would huve coniinued to evolve (sir e.g. 
Mclarlane 1986; Bourn tun 1993) up to (and even 
beyond) being covered In these terms the young date 
lor the regolilh is of die order of 700.000 years, though, 
because it must have developed over a long period, it 
ought to be assigned an age range and could reasonably 
lie labelled PI iu- Pleistocene. 

Broader considerations mpporl this suggestion. 
Firsl. with whai other rcguliilis might the Point 
Diumriiond profile be- refilled' 1 Ferruginous regohdis 
are known Irum various parts Ol South Australia (e.g. 
Hossfcld 1926-' ; Notlheofle 1946. Miles 1952; Horwiiz 
& Daily 1958 Campana 1958; Olaessncr & Wade 
1958; Hurwit/. I960; Wopfncr 1%7; Daily cl ol. 1974; 
Twidalc et a! 1976; Wrighi 1985; Milnesc/u/. 1985: 
Bout mail et ol. 1987) They have been variously 
defined and interpreted (see e.g. Bouiman 1993 - but 
see also MeFatUme e.g, 1986; Firman 1994) Some, 
characterised by a sandy or silly A lionAin. a massive, 
commonly pisolific. ferruginous horizon, overlying a 
thick bleached /.one, have been labelled lutcritc Others, 
consisting of either a ferruginous crust alone, ot a cm* 
resting on a thin bleached horizon, have been lermed 
fcrricrclcs (eg Eamplugh 1902: Twidalc 1976, p 
196-197). The Point Drummond profile docs not sii 
easily with either of lliese, but is perhaps closer to the 
lerricrete than to the lalcrlle. particularly if it is 
considered together with othci xtiatigropienUy 
comparable regoliths such as that exposed at Point 
Bmwn. Ferrieretes in southern South Australia have 
been dated by various means, but on Yoike Peninsula 
(HorwitZ & Daily 1958) local slraiigraphy indicates 
a Pliocene age. Equally, occurrences in the interior ol 
Eyre Peninsula have, on stratigraphic grounds, also 
been attributed to the Tertiary, some being considered 
Eocene hut others dearly Pliocene or |msI- Pliocene 
(Rankin & Flint 1991. Flint & Rankin 1991; Flint 1992). 
Given the. Middle- Late Pleistocene age of the overlying 




XX 



H MOLINA BA1LESTEROS. E. M. CAMPBELL. J. A. BOURNE A < K TWIDALE 



cnleurenite. ,i later rather than an earlier Tertiary age Acknowledgments 

sccnix appropriate forihe Point Drummond exposure, 

and on balance a Plio- Pleistocene attribution is in The authors thank Dr M .1 Me Turin nc tbi comments 
keeping with the available evidence, and suggestions during field work and MrM .1. Wright 

and two referees for constructive suggestions on an 
early draft. Professor Molina's work in the University 
of Adelaide in the per iod August- December 1092 was 
made possible by a grant from the Dtreecidu General 
de Investigation Ciemifica y Tecnica (DGICY'f). 
92-17b. Ministcrio de Educacidn y Ciencia Spain 

References 



Boi lit. r. (|974i Toposcqucnees dc sols uopicaiia eu 
Haute-Volla. Equihbre el descquillbre pc ; d(il>ioclimalu|UC. 
Mem, Office liedi. Si i. TeiTin. Quire Ml’v 85. 

Bui rwms, R P. (190J) Perennial problems in the study nl 
latenie: A review. Aunt. J. Earth Sri, 40, 587-401 

Mums. A R & Oauis. L M (I l i87i 

Investigations of tcrriereies and related ferruginous materials 
in parts of southern and eastern Australia, 2 Grumonth. 
,V I- Suppl.-Ktl 64, I 24. 

Bin \vi n. R (1964) "fabric- am) Mineral Analysis ol .Soils" 
(Wiley, New Yorki 

(1976) Fabric and Mineral Analysis ol Soils' (Krieger 
New York) 

t \mp\s\. B (1958) Tlie Ml l ofty (Mary lesion and 
kangaroo Island pp. 5 27 In Glurssnci M 1 & Parkin 
I W (Fats) "Geology of South Australia" (Cambridge 
University Press. London) 

( ItOt klK. R I , (1946) Post -M loeene elrnialie and geologic 
history and its significance in relation untie genesis ol die 
major soil types of South Australia. C.S.I.R Hull. I'M 

I-UII v B. Twiisai i-, C R. iS.Mn.ists. A. R. 11974) TJienge 
ol the lalcr'iiocd surface on Kangaroo Island and adjueeiu 
areas of South Australia, GY ol. Sim. Ausi. lour. 21, 387-592 

Diiui a. P, Imi/. B.. Naih'iNj D A Takov. Y. (1983) 
fo 1 • kaol mites, Al-goelhitcs. Al-hematiles in tropical 
Icrncreles, Mem, Sc}. Geol Snushnuri; 7|, 35-44. 

I iuman. .1 B (1994) Paleosols m lalcrite and silcrete profiles 
Evidence from Die South f.asi Margin ol tile Australian 
Prccumhnan Shield Hart}) Si i. Ree 36, 149 179. 

Tiim. R B. 11992) ft LISTON. South Australia, sheet SI 
3 3-6. Genl Sun . S. Ami 1:250,000 Sene* Ac [iliiniilin \ 

„ PvkMn A J.. Bl.l.ssPn, A. II Dai.y. S- J A 

fnuMMlN, B. P (1984) Uenliigjeal Map ol the GaWler 
Grab in: ! 1,0011,000, (Geol. Surv. S.. Ausi Adelaide). 

A R VMK.IN. L R 11991) KIMBA, Soulli Australia 
sheet St 33-7.. Gci'l Sure S. Ins/. / 250,01 H) Senes 
Cuphiuinoi v Notes,. 

I in , n man P (Ed. j (1985) Preglacial weathering ami 
planaiinn. Ivmm 16.3. 283-3X3 

( n At sxm'.h, M. E & W a in i. M (195X) The Si Yineent Basin 
pp, 115-126 hi Glacssner, M. E & Parkin, L. W. ( Ikls) "The 
Geology ol South Australia' i Melbourne L'uiversiiv 
Prexv/Geol. Sot. Ausi Melbourne). 

Hi mvvrlv, R C ( 1900) Geologic de la region de Ml Compass 
(leutllcMilang), Australie. lulop Grot. tide. 53,211 263. 

A JJaiig 0 (I95N| Yorkc Peninsula pp. 46-00 In 

Gliicssner M ► A Parkin. I W. (Eds) "The Geology of 



SutiUi Australia" (Melbourne L niversily Prcss/Gcol Soe 
Ausi Melbourne). 

La.VU’I.i till. G. W (I9tl2| Calerele. Gnil. Mae. 9, 575 

Li ohwiok, N : . H. (1969) The Permian Period pp 117-129 //, 
Parkin. L W. (Ed.i ‘Handbook ol South Australian 
Geology" (Geol, Surv. S. Ausi , Adelaide) 

Mr Tax l Asr. M. .1. 1 19X61 Cieoinorphdlogical analysis ol 
latcruc and us role in pmspeetihg. Genl S'uri India Mem 
12(1, 29 40 

Mu i k R (1952) Geology and underground water ol rite 
Adelaide Plains area. Geol Sun. .S'. Ausi. Hull. 27. 

Mn xt s, A R. Boirman. R. I 1 A Noxiiicoti . K H 
(1985 1 1 r ic*lcl relationships ot forilereles and wcaiheied /.ones 
in southern South Australia: a contribution to "latenie' 
studies in Australia.. Ausi I. Soil Res 23, 441 465, 

NAlifUs. IT (19X7) Mierogeoehemifal environments in 
lalciilic weal her my pp. 141-156 In Rodriguez. C. R A 
Tardy. Y. iE.dsi “Geochemistry and mineral formation hi 
die Earth surlaee" iConxejo Superioi do Investigaeioncs 
CiemilTcas. Madridi 

(1991) "Introduction lo the- I’elriilogy nl Soils and 
Chemical Weathering" (Wiley, \lc-w York) 

Noxiiicoii, K. H (1946) A Ibssil soil from Kangarno 
Island, South Australia. Trims. K. Soe. S Aiisi. 711, 294 296. 

Pakkcr, A .1., I assist,. C M. & f-'riM R B. (1985) 
Geology pp 21-45 In Twidale. C. R Tyler. M. I. A 
Ifavies M (Eds) ''Natural History of Evrc Peninsula' 
(Royal Society of S. Ausi , Adelaide), 

Raisin. L. R. A Fi.ini. K. B. (1991) STREAKY RAY, South 
Australia, slice! SI 53-2. Genl. Sure. S. Ausi 1:250.000 
Series Crplannlorv Soles 

t'.Mlov . Y & Naiion, D. (1985) Gc-oehemisiry of latcriles. 
Stability of ' Al-goetliile. Al-hemalile. and Fe’ ' koalinile 
in bauxites and lei i ieretes An approach |o (he mechanism 
of concretion formation. Amet: .1, Sri 285, 865-903. 

Thomson, B. I 1 . (1969) Preeambi ian crystalline basement pp 
21 48 In Parkin, I. W. Hid. | "Handbook of South Ausiraliaii 
Geology” (Geol. Surv. S. Ausi.. Adelaide) 

I'wioAia C R (1976) “Analysis ol' l andlbrms" (Wilev. 
Sydney), 

Bolrm:. .1. A. A Smith, Lt m (1976) Age and 

origin ot palaeosui taee.s on Eyre Peninsula and in Ihc 
southern Gawler ICinges, Soulli Australia. Z (ieomornh, 
20. 28-55. 

Worivr.R, H (t%7| Some observations op Caino/oic 
liindsurfaees in the Offieei Busin Genl. Sure S. Ausi, 
Quart, Grot. Notes 23. 3 X, 

Wki'.m. M J. (1985) Soils pp 77-87 In Twidale l R . 
Tyler. M I. A Davies M (Eds) "Natural History ill l-.y«v 
Peninsula" (Royal Soeieiy of S. Ausi Adebude) 




